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(57) ABSTRACT 

A receiver node includes an optical ampli?er optically 
coupled to the input of a receiving device such as a PIN 
photodiode. A controller inputs received poWer level values 
from the receiver to perform gain control. The input signal 
of an optical receiving device, is pre-ampli?ed by an optical 
ampli?er such that the ampli?ed signal is Within a dynamic 
range of the receiving device. Upon the occurrence of a LOS 
(loss of signal) event, the controller sets the gain to a Home 
Gain value. Thus, When the signal is reestablished, a strong 
signal Will not be over ampli?ed and damage the receiver. 
Gain control is reestablished When the LOS event is over. 
Various methods are used to declare LOS including com 
paring the received poWer level or commanded pump poWer 
against a threshold. The LOS declaration may also be 
received from an external device or service channel. 
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OPTICAL PRE-AMPLIFIER APPARATUS AND 
METHOD FOR RECEIVER PERFORMING GAIN 
CONTROL ACCORDING TO LOS DECLARATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] The invention generally relates to optical commu 
nication receivers. The invention more particularly relates to 
optically pre-ampli?ed receiver nodes. 

[0003] 2. Description of Related Art 

[0004] In conventional long-haul optical communications 
applications, the loss betWeen the laser transmitter and the 
receiver is typically ?xed or otherWise substantially invari 
ant. Therefore, a gain block With ?xed optical gain serves the 
purpose of ensuring that the receiver Will receive a signal 
Within the receiver’s dynamic range. 

[0005] In some applications such as metropolitan optical 
ring networks, hoWever, the loss betWeen the laser trans 
mitter and the receiver often changes due to changes in the 
span loss or due to channel upgrades. During channel 
upgrades, eXtra OADMs (optical add drop multiplexers) are 
added into the optical path of eXisting channels, therefore the 
loss betWeen the transmitter and the receiver changes. 

[0006] Furthermore, a complete ?ber cut, ?ber disconnect 
or other major fault in either a long haul or metro application 
can cause a loss of signal. As recogniZed by the inventors, 
the restoration of the optical signal folloWing a loss of signal 
event may damage the receiver and/or cause bit errors. 

[0007] Hence, in these applications a smart pre-ampli?ed 
receiver is needed that Will adapt to changing conditions 
such as those outlined above. 

SUMMARY OF THE INVENTION 

[0008] The invention includes an apparatus for optically 
preamplifying a signal being input to a receiving device, 
comprising: an optical ampli?er optically coupled to an 
input port of the receiving device, said optical ampli?er 
optically amplifying an input signal and outputting the 
optically ampli?ed signal to the receiving device; a pump 
optically coupled to said optical ampli?er, said pump inject 
ing pumping light into said optical ampli?er to provide the 
optical ampli?cation of the input signal; and a controller 
operatively connected to said pump and to the receiving 
device, said controller receiving poWer measurements from 
the receiving device indicative of the ampli?ed signal’s 
optical poWer; said controller commanding a pump poWer 
level output by said pump to perform gain control according 
to the poWer measurements received from the receiving 
device; and said controller setting the commanded pump 
poWer level of said pump to a home gain value upon an 
occurrence of a loss of signal event. 

[0009] The controller may declare the loss of signal event 
When the poWer measurement received from the receiving 
device drops beloW a loss of signal threshold value. 

[0010] Alternatively, the controller may declare the loss of 
signal event When the commanded pump poWer level is 
equal to or greater than a pump poWer level threshold value. 

[0011] In another alternative, the controller may receive 
pump output poWer measurements from said pump indica 
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tive of said pump’s output poWer; and said controller may 
declare the loss of signal event When the pump output poWer 
measurement is equal to or greater than a pump output 
poWer level threshold value. 

[0012] In yet another alternative, the controller may 
receive a declaration of the loss of signal event from an input 
port of said controller. A service channel may transmit the 
loss of signal declaration to the input port of said controller. 

[0013] An optical bandpass ?lter may also be included to 
optically communicate With an output of said optical ampli 
?er and an input of the receiving device, said optical 
bandpass ?lter having a bandpass including a center Wave 
length of the input signal. 

[0014] The controller may also reinstate the gain control 
according to the poWer measurements received from the 
receiving device When the loss of signal event has ended. 

[0015] Furthermore, When the loss of signal event has 
ended said controller may command the pump poWer level 
of said pump to a last pump poWer level commanded before 
the occurrence of a loss of signal event. 

[0016] The invention further includes a method of opti 
cally preamplifying a signal being input to a receiving 
device With an optical ampli?er optically communicating 
With an input of the receiving device, comprising: receiving 
poWer measurements indicative of the ampli?ed signal’s 
optical poWer; commanding a pump poWer level of a pump 
optically coupled to the optical ampli?er, the pump injecting 
pumping light into the optical ampli?er to provide the 
optical ampli?cation of the input signal; controlling said 
commanding step to perform gain control according to the 
poWer measurements received by said receiving step; and 
setting the commanded pump poWer level of the pump to a 
home gain value upon an occurrence of a loss of signal 
event. 

[0017] The method may declare the loss of signal event 
When the poWer measurement received by said receiving 
step drops beloW a loss of signal threshold value. 

[0018] Alternatively, the method may declare the loss of 
signal event When the commanded poWer level commanded 
by said commanding step is equal to or greater than a pump 
poWer level threshold value. 

[0019] In another alternative, the method may receive 
pump output poWer measurements from the pump indicative 
of said pump’s output poWer; and declare the loss of signal 
event When the pump output poWer measurement is equal to 
or greater than a pump output poWer level threshold value. 

[0020] In yet another alternative, the method may receive 
a declaration of the loss of signal event. 

[0021] The method may also reinstate gain control accord 
ing to the poWer measurements received by said receiving 
step When the loss of signal event has ended. 

[0022] In addition, the method may command the pump 
poWer level of the pump to a last pump poWer level 
commanded before the occurrence of a loss of signal event. 

[0023] Further scope of applicability of the present inven 
tion Will become apparent from the detailed description 
given hereinafter. HoWever, it should be understood that the 
detailed description and speci?c examples, While indicating 



US 2003/0030893 A1 

preferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The present invention Will become more fully 
understood from the detailed description given hereinbeloW 
and the accompanying draWings Which are given by Way of 
illustration only, and thus are not limitative of the present 
invention, and Wherein: 

[0025] FIG. 1 is a block diagram of a receiving node 
according to the invention; 

[0026] FIG. 2 is a block diagram of an alternative con 
struction for the receiving node according to the invention; 

[0027] FIG. 3 is a block diagram of another alternative 
construction for the receiving node according to the inven 
tion; 
[0028] FIG. 4 is a block diagram of yet another alternative 
construction for the receiving node according to the inven 
tion; 

[0029] FIG. 5 is a block diagram of a metro ring com 
munications architecture incorporating a receiving node 
according to the invention; 

[0030] FIG. 6 is a block diagram of a long haul commu 
nications architecture incorporating a receiving node 
according to the invention; 

[0031] FIG. 7 is a block diagram of another long haul 
communications architecture incorporating a receiving node 
according to the invention; 

[0032] FIG. 8 is a graph of ?ltered poWer level (relative 
to target poWer level) versus time illustrating some of the 
WindoWing and gain control features of the invention; 

[0033] FIG. 9 is a graph of ?ltered poWer level (relative 
to target poWer level) versus time illustrating some of the 
gain rate change control features of the invention; 

[0034] FIG. 10 is a high-level ?oWchart illustrating some 
the WindoWing and gain rate change control features of the 
invention; 

[0035] FIG. 11 is a high-level ?oWchart illustrating alter 
natives to the WindoWing and gain rate change control 
features of the invention illustrated in FIG. 10; 

[0036] FIG. 12 is a high-level ?oWchart illustrating some 
of the LOS declaration and home gain setting features of the 
invention; 

[0037] FIG. 13 is a graph of pump poWer level versus time 
illustrating some of the LOS declaration and home gain 
setting features of the invention set forth in FIG. 12; 

[0038] FIG. 14 is a high-level ?oWchart illustrating 
another alternative to the LOS declaration and home gain 
setting features of the invention illustrated in FIG. 12; 

[0039] FIG. 15 is a graph of pump poWer level versus time 
illustrating some of the LOS declaration and home gain 
setting features of the invention set forth in FIG. 14; 
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[0040] FIG. 16 is a high-level ?oWchart combining the 
WindoWing, gain rate change control, LOS declaration, and 
home gain setting features of FIGS. 10 and 12. 

DETAILED DESCRIPTION OF INVENTION 

[0041] The folloWing detailed description of the invention 
refers to the accompanying draWings. The same reference 
numbers in different draWings identify the same or similar 
elements. Also, the folloWing detailed description does not 
limit the invention. Instead, the scope of the invention is 
de?ned by the appended claims and equivalents thereof. 

[0042] The expressions “optically communicates” and 
“optically coupled” as used herein refer to any connection, 
coupling, link or the like by Which optical signals carried by 
one optical system element are imparted to the “communi 
cating” or “coupled” element. Such “optically communicat 
ing” or “optically coupled” devices are not necessarily 
directly connected to one another and may be separated by 
intermediate optical components or devices. 

[0043] FIG. 1 illustrates a construction of the inventive 
pre-ampli?ed receiver node 10 Which Will also be referred to 
herein as a receiver node 10. 

[0044] The receiver node 10 includes an optical ampli?er 
20 Which may be constructed from conventional rare-earth 
doped ?ber ampli?ers such as an EDFA (erbium doped ?ber 
ampli?er). It is to be understood that EDFA is just one, 
non-limiting eXample of a rare-earth doped ?ber ampli?ers 
and that other types of such ampli?ers can be used to 
construct ampli?er 10 consistent With the invention. 

[0045] A pump 40 is optically coupled to the optical 
ampli?er 20. Pump 40 is another conventional element that 
includes one more lasers (hence, the label pump(s) in the 
?gure) that inject pumping light into the optical ampli?er 20. 
It is also to be understood that pump(s) 40 may include one 
or a plurality of pumping lasers operating at one or more 
pumping Wavelengths as is knoWn in the art. 

[0046] Pump 40 may also include conventional associated 
electronics (not shoWn) to activate the pumping lasers 
including, for eXample, a DAC (digital analog converter) 
that may be used to convert a digital control signal from 
controller 70 to an analog control signal that adjusts the 
pump poWer. Pump 40 is operable over a range of pump 
poWers Which may be commanded by, for eXample, sending 
a pump poWer level command to the pump 40. 

[0047] PIN receiver 30 is optically coupled to the output 
of the ampli?er 20. PIN receiver 30 is a conventional device 
that includes a PIN photodiode With a poWer measurement 
capability. The poWer measurement taken by PIN receiver 
30 is output to the controller 70 as further described beloW 
in the operation section. 

[0048] Although a PIN-type receiver 30 is shoWn in the 
?gures, it is also possible to use the inventive techniques 
With other types of receivers such as avalanche photodiode 
type (APD) receivers. Since a PIN diode is inexpensive 
compared to an APD and also because of possible noise 
issues associated With an APD (the avalanche process in the 
APD is inherently noisy) a PIN diode may be preferred. 

[0049] Controller 70 is operatively connected to the PIN 
receiver 30 as Well as to the pump 40. Speci?cally, controller 
70 is operatively connected to a poWer level output of the 
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PIN receiver 70 and to a pump power level command input 
of the pump 40. The pump 40 may also feed back or 
otherwise communicate the current pump power level via 
the same or separate (shown in FIG. 1) path to the controller 
70. Alternatively, the controller 70 may internally store the 
current pump power level. 

[0050] The term “connection” and “operative connection” 
as used herein is a relative term and does not require a direct 
physical connection. This is particularly true in relation to 
the controller 70 which communicates with what may be 
physically distant components such as the PIN receiver 30 
and pump 40. For example, controller 70 may communicate 
with these elements by using a communication pathway over 
a ?ber span, an Internet connection, or wireless communi 
cation pathway. Such alternative communication pathways 
may be convenient in view of the potentially physically 
distinct locations that may be provided for the various 
elements. 

[0051] Controller 70 may be constructed in a variety of 
fashions utilizing electronic components, optical compo 
nents, computer hardware, ?rmware, software or a combi 
nation thereof. Typical examples in the electronic domain 
include FPGAs (?eld programmable gate arrays), ASICs 
(application speci?c integrated circuits), and microproces 
sors such as a general purpose microprocessor programmed 
with inventive software as outlined below. Controller 70 
may also utiliZe processing resources of an existing control 
ler of a network to which the receiver node is operatively 
connected such as a network element controller, terminal 
controller, or network managing controller. 

[0052] FIG. 2 shows an alternative construction for the 
receiver node 10. Rather than receive feedback from the 
pump 40 regarding the current pump power level, the 
controller 70 may also receive a LOS (loss of signal) 
declaration from a LOS port 80. The LOS port 80 transmits 
a LOS declaration from another device (not shown). Such 
other devices may include an NCP (network control proces 
sor) or other device capable of recogniZing a LOS event and 
transmitting a LOS declaration to the LOS port 80. 

[0053] Furthermore, the LOS port 80 may receive the LOS 
declaration via a conventional service channel. Service 
channels are typically used to convey various information 
about the optical network and there are a variety of examples 
of such service channels and associated architectures. One 
example uses a distinct wavelength of a WDM (wavelength 
division multiplexed) system to convey the service channel. 
The service channel wavelength may be selected from the 
data signal and routed to the LOS port to thereby transmit 
the LOS declaration from any of the components of the 
optical network. Further details of LOS declaration process 
ing are described below in the operation section. 

[0054] FIG. 3 shows another alternative construction for 
the receiver node 10. Rather than receive feedback from the 
pump 40 regarding the current pump power level, the 
controller 70 may also receive power levels detected by PIN 
receiver 30. As further described below in the operation 
section, such received power levels may be used by the 
controller 70 to declare a LOS event. To minimiZe the effect 
of noise (eg on the LOS declaration decision and on the 
gain controlling features described below), an optical ?lter 
25 may be used. Speci?cally, an optical ?lter 25 may be 
optically interconnected between the ampli?er 20 and the 
PIN receiver 30. 
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[0055] Optical ?lter 25 may be constructed from, for 
example, conventional thin ?lm dielectric ?lter(s), a com 
bination of ?ber Bragg grating and/or optical power splitter, 
or a combination of ?ber Bragg grating with optical circu 
lator to act as a band pass ?lter. The band pass of optical 
?lter 25 should include the center wavelength of the input 
signal in order for the PIN receiver 30 to successfully 
pick-up the ampli?ed input signal. 
[0056] The optical ?lter 25 may also be utiliZed in the 
other constructions shown in FIGS. 1 and 2. 

[0057] FIG. 4 illustrates a more speci?c embodiment of 
the inventive receiver node 10. As shown therein, a connec 
tor 505 may be used to connect the receiver node to a system 
or Signal In port. Of course, a ?ber splice may be used 
instead of a connector 505 as is known in the art. 

[0058] More importantly, FIG. 4 shows a circulator 510 
which is a conventional optical device that takes an optical 
input at one port (e.g. port 1) and outputs it at another port 
(e.g. port 2). The circulation is as shown from port lQport 
2Qport 3. 

[0059] A section of Erbium doped ?ber 520 is in optical 
communication with port 2 of circulator 510. As with optical 
ampli?er 20 discussed above, the Erbium doped ?ber 520 
may be constructed from other conventional rare-earth 
doped ?bers. 

[0060] A selector 530 optically communicates with the 
Erbium ?ber 520 via coupler 525. Selector may be con 
structed from an in-?ber Bragg grating or other conventional 
wavelength selection element(s) such as an arrayed 
waveguide grating or dielectric ?lter. 

[0061] An end termination 535 may be connected to the 
selector 520. End termination may be constructed with an 
angled ?ber cut or other conventional optical termination 
element. 

[0062] Pump laser 540 may be optically coupled to the 
Erbium ?ber 520 via coupler 525. As shown in FIG. 4, a 980 
nm laser provides a preferred output pumping light wave 
length and is preferred because Erbium doped ?ber 520 is 
most efficiently pumped by this wavelength. Of course, a 
1480 nm could be used alone or in combination with the 980 
nm laser. Other wavelengths may be appropriate depending 
upon the type of optical ampli?er used. 

[0063] Pump laser 540 also shows some of the conven 
tional associated electronics referred to above in relation to 
pump 40. Namely, pump 540 may include a conventional 
backfacet diode 545 that measures the output pump power. 
This backfacet diode 545 is conventionally supplied a volt 
age such as the —5.2V shown in FIG. 4. Acurrent is typically 
output from the backfacet diode 545 and may be converted 
to a voltage with a TIA (transimpedance ampli?er) and 
Vgain (voltage shifting amp) the combination of which may 
be labeled a signal conditioner 550. This current to voltage 
conversion and level shifting are particularly advantageous 
if the controller 70 expects a voltage within a certain range. 
As further shown in FIG. 4, the conditional signal (pump 
power output) may be supplied to the controller 70. 

[0064] The pump power output from pump 540 may be 
used for a variety of purposes such as calibration, alarms, 
diagnostics, and control. In this invention, the pump output 
power may be used to declare a LOS (loss of signal) 
condition. 














